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© Polyethylene glycol protein conjugates. 

© The present invention relates to physiologically active*, substantially non-immunogenic water soluble polyeth- 
ylene glycol protein conjugates having at least part of the biological activity of the protein which forms the 
conjugate, without exhibiting the same disadvantageous immunogenic responses thereof. 
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The present invention relates to novel polyethylen glycol (PEG) conjugates of proteins. 
Various natural and recombinant proteins have medical and pharmaceutical utility. Once they have been 
purified, separated, and formulated, they can be- parenteral!* administered for various therapeutic indica- 
tions However, parenteral administered proteins may be immunogenic, may be relatively water insoluble. 

5, and may have a short pharmacological haH life. Consequently, it can be difficult to achieve therapeutically 
useful blood levels of the proteins in patients. 

These problems may be overcome by conjugating the proteins to polymers such as polyethylene 
glycol. Davis et al., U.S. Pat. No. 4,179,337 disclose conjugating polyethylene glycol (PEG) to proteins such 
as enzymes and insulin in order to result in conjugates where the protein would be less immunogenic and 

10 would retain a substantial proportion of its physiological activity, Nakagawa, et al., U.S. Pat No. 4,791,192 
disclose conjugating PEG to islet-activating protein to reduce its side-effects and immunogenicity. Veronese 
et al Applied Biochem. and Biotech, VI :1 41-152 (1985) disclose activating polyethylene glycols with phenyl 
chioroformates to modify a ribonuclease and a superoxide dimutase. Katre et al. U.S. Pat. Nos. 4,766,106 
and 4,917.888 also disclose solubilizing proteins by polymer conjugation. PEG and other polymers are 

15 conjugated to recombinant proteins to reduce immunogenicity and increase half-life. See Nitecki, et al., U.S. 
Pat No 4,902,502, Enzon. Inc., International Application No. PCT/US90/02133, Nishimura et al., European 
Patent Application 154,316 and Tomasi, International Application Number PCT/US85/02572. King et al., Int. 
Archs. Allergy appl. Immun. 66. 439-446 (1981) describes a method for linking proteins to PEG by using O- 
(ROPEG)-S-carb6xamidomethyl-dithiocarbonate intermediates. 

20 Previous methods of forming PEG-protein conjugates and the conjugates which result from said 
methods present several problems. Among these problems is that certain methods of forming these protem- 
PEG conjugates may inactivate the protein so that the resulting conjugates may have poor biological 
activity. In addition, certain linkers utilized in forming these PEG-protein conjugates may be susceptible to 
in vivo hydrolytic cleavage. When such cleavage occurs; after administration, these conjugates lose the 

25 beneficial properties provided by PEG. . 
The present invention provides novel PEG-protein conjugates through the use of unique linkers which 
connect the various free amino groups in a protein to PEG which circumvent the problems associated in the 
formation of conjugates of a protein with PEG. 

In particular the present invention provides a physiologically active conjugate of a protein of the formula 
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rf-O-IC^OVCH^-^ /HT-prbtein 
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R 3 
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wherein FT is lower aikyl; R 2 is -O or -NH-; R 3 is =N-FU, =S or «0; R* is lower alkyl or cycloalkyl; m and 
n are selected from integers *1 in a way that the conjugate has at least a portion of the biological activity 
of the non conjugated protein; 

with the proviso that when R 2 is -0-, R 3 is other than = N-R 4 ; , 4 . 

that when R 2 is -O- and R 3 is =0 the protein is interferon-alpha, interleukin-1 or interleukin-1ra and that 
when R 2 is -0- and R 3 is = S the protein Is not antigen E from ragweed pollen or bovine plasma albumin. 
More specifically, the present invention provides protein conjugates of the formulas: 
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40 wherein R\ R*, m, n and the protein are as above. . 

In accordance with the present invention, we have also provided for the first time the protein mterleukin- 
1 receptor antagonist (IL-1ra) and interleukin-1 (IL-1) conjugated to PEG. 

In accordance with this invention, the conjugate of a protein of formula I is produced by condensing 
activated PEG, viz. PEG wherein one hydroxy group has been replaced by an activated linker, with one or 
« more of the free amino groups in the protein. The activated PEG compounds used to produce the conjugate 
have the following formulas: 
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II-A R 1 0(CH 2 C3J 2 0) a .CH 2 CH 2 -N=C=N-R 4 


n-B ^OCCHjCHaO^- CH 2 CH2— 0 - C -J 



II-C R l O(CH 2 CH 2 0) n -CH 2 CH 2 -NH — C -0-^ N - 

O 

II-D R 1 0(CH 2 C3i 2 0) n -CH 2 -CH 2 -^=C=S 



n-E R^O(CH 2 OT 2 0)„-CH 2 CH2-NH — C — 0— ^ N 

S 

II-F ^(XCHjCHp^-CHz^- 0 - C -0 -"v 1 

• S '■ 
O 


ii-g R l o(ca 2 ca 2 o)^CH2ca 2 

wherein R 1 is lower alkyl, R + is lower alkyl or cycloalkyl, and R 5 is tower alkyl or H and n is an integer of 
from 1 to 1000. 

In accordance with this invention, by using the activated PEG compound of formula ll-A. Il-B, ll-C, ii-d, 
ll-E ll-F or ll-G to produce the conjugates, a linking bond between the free amino groups in the protein and 
the PEG is formed so that the resulting conjugate retains at least a portion of the biological activity of the 
protein while reducing its immunogenic^. In addition, the linkage groups formed in the conjugate of this 
invention through the use of any one of the activated polyethylene glycols of formulae ll-A through II-G 
produces a protein conjugate which is not readily susceptible to in vivo hydrolytic cleavage and is not 
subject to many of the disadvantages present in the PEG protein conjugates of the prior art. 

In accordance with this invention, R 1 and R* can be any lower alkyl, preferably methyl. The term lower 
aikyl designates lower alkyl groups containing from 1 through 6 carbon atoms, such as methyl, ethyl, n- 
propyl, isopropyl, etc. Generally the preferred alkyl group is a lower alkyl group containing from 1 to 4 
carbon atoms with methyl being most preferable. 4U 

In accordance with this invention, m and n can be selected from any integer 1 in a way such that the 
resulting conjugate of a protein has at least a portion of the biological activity of the protein which forms the 
conjugate. It is apparent that the sum of n and m is inversely proportional to the amount of biologica 
activity of the protein which is retained by the conjugate. The numerical value of n relates the number of 
ethylene glycol units in the polyethylene glycol which form the conjugate and is between 1 and 1000. The 
term m relates to the number of free amino groups contained by the protein which is reacted with the 
activated PEG. Preferably the value of m is in the range of 1 to 5 with 1 being the most preferred one. The 
higher the value of m + n, the higher is the molecular weight of the conjugate. The molecular weights of 
the polyethylene glycol polymers of formulae ll-A to ll-G and of the protein conjugates of formulae I and l-A 
to l-E can be easily determined by a person skilled in the art From the molecular weights determined tn 
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values of m and n cap be deduced. The term protein comprises on the one hand polypeptides and on the 
other hand physiologically acceptable addition salts. 

When the compound of any one of formula ll-A through IM3 is reacted with the protein and the protein 
contains more than one free amino group, the conjugate may be produced as a mixture of various protein 
PEG conjugates. In cases where the protein contains two free amino groups, the activated PEG can react 
both with one of the free amino groups and with both of the free amino groups. In this situation the mixture 
contains one conjugate formed where two free amino groups are reacted with PEG and a second conjugate 
formed where only one free amino group is reacted with PEG. Since the various conjugates in this mixture 
have different molecular weights, these conjugates can be separated by conventional methods such as 
chromatography. To determine if m and n have been selected properly, the separated conjugates can be 
screened for biological activity by the same means used to screen the parent protein to determine if the 
conjugate still retains a portion of the biological activity of the protein used to form the conjugate. In this 
manner, the numbers m and n can be adjusted in any desired manner to provide the desired activity. 

In accordance with the preferred embodiment of this invention m and n are any integer so that 
molecular weight of the conjugate, excluding the weight of the protein, is between approximately 300 to 
approximately 30,000. daltons. In accordance with the preferred embodiment, m is 1. Where m is 1, this 
conjugate can be obtained even when there are two or more free amino groups. The activated PEG 
compound will react first with one of the free amino groups contained within the protein groups. By 
regulating the concentration of the reagents such as the protein, and reaction conditions, in accordance with 
standard methods of amine condensation, one can regulate the degree of pegylation of the free am no 
groups contained within the protein. In proteins containing one or more free amino groups, where one of tfie 
free amino groups is more reactive than the other amino groups, conditions may be selected so that the 
protein is reacted with the activated PEG compound to form the compound of formula I where m » 1. Other 
free amino groups contained within amino acids which form the protein may be subsequently reacted with 
the PEG by allowing the condensation reaction to proceed longer or by utilizing other stronger conditions. In 
accordance with a preferred embodiment where m is 1, n is any integer so that the polyethylene glycol 
which forms the conjugate has a molecular weight of from 300 to 30,000 daltons corresponding to n .n 
being approximately 6 to 680. More preferably n is about 28, 112 and 225 corresponding to molecular 
weights of 1325, 5000 and 10000 respectively, with n being in the region of 112 as the most preferred one. 
Characterizing the polyethylene glycol polymer by molecular weight is preferred over designating the self 
repeating units in the PEG polymer with the integer n due to the potential inhomogeneity of the starting 
PEG compounds which are usually defined by their avarage molecular weight and not their self-repeat ng 
units. The starting PEG compounds of various molecular weights can be prepared by methods known in the 
art or can be obtained from commercial suppliers. 

In case the values of m and n obtained by determination of the molecular weights are not integers (as 
will generally be the case), there values have to be rounded up or off in the usual way. 

Where R* is lower alkyl, R* can be any lower alkyl group containing from 1 to 6 carbon atoms such as 
defined above. When R 5 is cycloalkyl, R 5 is preferably a cycloalkyl group containing from 3 to 7 carbon 
atoms such as cyclopropyl, cyclopentyl, cyclobutyl, and cyclohexyl. The preferred cycloalkyl group .s 

40 cyclohe^ ^ ^ Qf tne fo|lowing Samples are named in accordance with IUPAC 

nomenclature. However, these compounds may also be named as follows: 
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Examples 1,2, 3, and 4: 

A!pha-[2-t[cyclohexylcarbonimidoyl>amino]ethyl]-omega-methoxypoly(oxy-1 ,2-ethanediyl) is alternatively 
named alpha-[2-[l<cyclohexylamino)me^ 

Examples 1 A, la, and 1d: 

Alpha.(2-chloroethyl)-pmega-methoxypoly(oxy 1 ,2-ethanediyl) is alternatively named alpha-methoxy-omega- 
(2-chloroethyl)poly(oxy-l ,2-ethanediyl). 

Examples IB, 1b, and 1e: 

Alpha-(2-azidoethyi)-omega-methoxypoly(oxy-1 ,2-ethanediyl) is alternatively named alpha-methoxy-omega- 
(2-azidoethyl)poly(oxy-1 ,2-ethanediyl). 
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Examples 1C, 1c, and 1f:- 

Alpha-(2-aminoethyl)K>mega-methoxypoly(oxy-1 f 2-6thanediyl) is alternatively named alpha-methoxy-ornega- 
(2-aminoethyl)poly(oxy-1,2-ethanediyl). 
5 Examples 11, 11a, 11b, 12, 12A, and 13-17: Alpha-methyk)mega-[2-[[^ 

ethoxy]poly(oxy-1,2-ethanediyl) is alternatively named alpha-[2-[[(2-pyridinyloxy)carbonyl]amino]ethyl]- 
'omega-methoxypoly(oxy-1,2-ethanediyl). 


10 


Examples 18, 18a, 19, 19A, 20, 20A, 21, and 22: 

Alpha-[(2-pyridinyloxy)carbonyl]om alternatively named alpha- 

methyl-omega[2-[[(2-pyridinyloxy)ca^ 

Examples 23-27: 

75 

Alpha-[2<isothiocyanato)emyl]-omega-methoxypoly{oxy-1,2-ethane is alternatively named alpha- 
[methoxy-omega-[2-{isothiocyanato)ethyl]poly(oxy-1,2-ethanediyl). 

Example 28: 
20 . . • • 

Alpha-[(2-pyridinyloxy)thiocarbonyl]-omega-methoxypoly(oxy-1,2-ethanediy0 is alternatively named alpha- 

methyl-omega-[2-[[(2-pyridinyloxy)thioca^ 

The present invention also comprises the process for the preparation of the PEG-protein conjugates of 
the general formula I or formulae l-A through l-E which process comprises reacting one of the activated 
25 compounds of the general formulae 

II-A ^OCCHjCHiOV CH 2 CH 2 -N= C =N^R 4 

00 ^ 

H-B R 1 0(CH 2 CH20)n" CH 2 CHi — 0 — C — 

35 ^ 
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n-c r'ckcHzCH^- ch 2 ch 2 -nh — c -o-C N . 

o 

H-D ^CKCHjCHjOVCHj-CHj-N =C =S 


-NH— C-O-Ql, 


n-E R'CKCHiCHjOVCHiCHz 

S 


II-F ^OCCHzO^O^-CHjCHz-O— C—0-W N 

S 

II-G R l O(CM 2 CH 2 OVOT 2 CH 2 — 0— C^— 


wherein R 1 , R 5 and n are as defined above, with a free amino group of a protein or a salt thereof and 
isolating the protein conjugate from the reaction mixture. 

In particular, the synthesis of the individual PEG derivatives to be coupled with a protein as well as their 
reaction with the protein can be performed as described in the following paragraphs and in the Examples. 

To produce the protein conjugate wherein R 2 is -NH-, and Ra is = N-R 4 , (the compound of formula l-A) 
the following reaction scheme may be employed: 
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R 1 0(CH 2 CH20)„CH2CH2-OH 


SOX 2 _ RbCCHzCHjO^CHjCHjX 


NaN 3 .DMF 
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R 1 0(CH 2 CH 2 0) n CH 2 CHjNH 2 
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R'oCCHjCMp^CHjCHjNj 
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R*-N=C=S 


H ^ H 

'R 1 0(CH 2 CH 2 0) n eH 2 CH,N-ft•N-F( , 
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tf-OtCHzGHaOk-CHgCH/ Y, 
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H H 

N N- -protein 
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45 
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55 


wherein R'. R\ n, m and the protein are as above. _ . . .„ , hol ^,„ 

In the reaction scheme, the hydroxy! group at the end of the PEG molecule .s 
group by conventional means such as by treatment with a thionyl hallde The resulting PE G ha d >fe 
converted to an azide by conventional means such as by treatment with sod.um az.de. The PEG azide can 
then be converted to an amine by conventional means such as hydrogenation. The PEG-amine is then 
reacted with an alkyl or cycloalkyl isothiocyanate such as cyclohexylisoth iocyanate toio ™*» 
formula III which is then desulfurized by conventional means to form the compound of formuta u-A which 
contains the carbodiimide functional group. In converting the thiourea of formula III, into the PEG car 
bodiimide of formula IIA the preferred desulfurizing agent is triphenylphosphine. ■. 

The PEG carbodiimide of formula ll-A can then be condensed with a proton under any conventional, 
conditions for condensing carbodiimides with amines. Generally this reaction is carried out in a standard 
aqueous buffer solution having pH of between 7 and 9 to produce the con,ugate of formula l-A The 
Sting condensation reaction may produce a mixture of PEG protein coniugates of various molecular 
weights depending upon the number of free amino groups within the protein and the time of the reacton 
The PEG protein conjugates may then be separated into their individual components by conventional 
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methods such as high performance liquid chromatography or gel electrophoresis. 

To produce the protein conjugate where R 2 is -0- and Ft 3 Is = S (the compound of formula IB), the 
following reaction scheme can be employed. 


R^CCHzC^OnCHiCHj-OH 


10 



15 


20 


25 


30 


rOCCHaCHaO^CHzCHz-O. 
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NH 2 -protein 
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-protein 


I-B 
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35 


40 


wherein FT, m, n and the protein are as above, ' " - 

In this reaction a PEG is refluxed with 1 ,1-carbopothioylbis-2(1 H)-pyridinone in a high boiling hydrocar- 
bon solvent to produce the compound of formula ll-B. The compound of formula ll-B can be condensed with 
one or more of the free amino groups of the protein to produce the conjugate of formula I-B in the same 
manner as described in connection with the condensation of the compound of formula ll-A with a protein to 
prepare the conjugate mixture of formula l-A. Separation of this mixture can be carried out according to 
molecular weights of the products formed as described hereinbefore. 

Alternatively, the protein conjugate of the present invention where R 2 is -0- and R 3 is = S, (the 
compound of formula I-B) can be produced by the following reaction scheme: 
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R 1 0(CH 2 CH 2 0)2CH 2 CH20H 
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wherein R\ m, n and the protein are as above. 

In accordance with this scheme, PEG is reacted with the thiocarbonate of formula VI in an organic 
solvent to form the PEG thiocarbonate of formula ll-F. Any conventional method of condensing a 
thiocarbonate with a hydroxy group can be used in carrying out this reaction. 

The compound of formula ll-F is converted to the conjugate of formula l-B by condensing the 
compound of formula ll-F with at least one free amino, group of the protein. This reaction is carried out in 
the manner described for the conversion of compound of formula ll-A to the conjugate of formula l-A. The 
product that is produced by this reaction can be a mixture of conjugates of different molecular weights 
depending upon the amount of free amino groups in the protein used. These conjugates can be separated 
by molecular weight in accordance with the procedure hereinbefore described. 

To produce the protein conjugate wherein R 2 is -NH- and R 3 is =0 (the compound of formula I-C), the 
following reaction scheme can be used: 
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wherein R\ R 5 , m, n and the protein are as above. . . ... . , 

The compound of formula IV is produced by condensing phosgene with 2-hydroxypyr.dme subsisted 
if Rs = lower alkyl) using any conventional method for condensing an acid halide with an alcohol. 

The condensation of a PEG amine with the compound of formula IV is effected by re flux.ng .n a 
halogenated hydrocarbon solvent to produce the compound of formula ll-C. The compound of formula n-C 
is condensed with the protein through one or more free amino groups on the prote.n to produce , foe 
compound of formula l-C. This reaction is carried out in the manner described for the condensation of the 
compound of formula ll-A to produce the conjugate of formula l-A. Depending upon the number of free 
amino groups contained within the protein which react with the compound of formula hC. the conjugate of 
formula l-C may be formed as a mixture of conjugates having different molecular we.ghts. This conjugate 
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mixture can be separated in the manner described hereinbefore. 

To produce a protein conjugate of the present invention wherein R 2 is -NH- and, R 3 is =S (the 
compound of formula l-D), the following reaction scheme can be used. 
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R l O(CH 2 CH 2 0) n CH2CH 2 NH 2 + Di-2-pyridyl thionocarbonate 
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wherein R 1 , m, n and the protein are as above. 

In this reaction scheme, PEG amine is reacted with di-2-pyridylthionocarbonate to produce the 
compound of formula ll-D. In this procedure any conventional method of condensing an amine with a 
thiocarbonate to produce an isothiocyanate can be used. The compound of formula ll-D is reacted with the 
protein to form the conjugate of formula I-D in the manper described for the conversion of the compound of 
formula ll-A to the compound of formula l-A, Depending upon the amount of free amino groups contained 
by the protein, condensation of the compound of formula ll-D with the protein produces a mixture of 
conjugates which can be separated into their individual components in the manner hereinbefore described 
for the separation of the conjugate of formula I. 

Alternatively, the compound of formula I-D can be produced using the following reaction scheme: 
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The compound of formula V is produced by condensing thiophosgene wrth Z W™W^™ 
(substituted where * is lower alkyD.using any conventional method for condensing «h^<*J 
alcohol V is then reacted with a PEG-arnine in the manner described for producng the compound of II C. 
Tne rllting compound is ll-E. The compound of formula ll-E is condensed with one or more free^no 
groups on a protein to produce the conjugate of formula hD. This reaction ,s earned out .n the manner 
described for the formation of conjugate l-A. ■ . . , 

To produce a protein composition of the present invention wherein R 2 .s -O- and R 3 is O (the compound of 
formula l-E), the following reaction scheme can be used. 
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wherein R 1 m. n and the protein are as above. ■ . . 

n « £ve reaction scheme di-2-pyridyl carbonate is reacted with PES to produce the compound of 
formula 11-3- This reaction is carried out by conditions conventional in condensing an alcohol _wrt a 
catenate The compound of formula ll-G is converted to the compound of formula l-E by condensing the 
compoS of formu.a ll-G with one or more free amino groups in the protein. This reacts is carried hn 
*e same manner as described in connection with the conversion of the compound of fonriula l-A Jo the 
compound of formula l-A. The reaction mixture thus produced can contan a mixture of the conjugated of 
oSS-E pending upon the free amino groups cpntained by the protein. This 
mixture of various conjugates of different molecular weights.; The various conjugates can be separated from 
the mixture In accordance with procedure described hereinbefore. : . 

7n accordance with a preferred embodiment of this invention, a conjugate of an mterferon-alpha with 
PEG can be produced by the following reaction scheme. 
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wherein R 1 is methyl, n is about 112. This reaction is of special interest for interferon-alpha of the subtyp 
interferon-alpha A (also named interferon-alpha 2). 

The synthesis of the activated PEG compound ll-C is described hereinbefore in connection with the 
synthesis of a protein conjugate wherein R* is -NH- and R* is = 0. The final conjugate of interferon-alpha 
can be obtained in an analogous manner as described hereinbefore or In the Examples for the synthes.s of 

^ A^rp"oterw* i physiological activity or a salt thereof may be used for the preparation of a conjugate 
with PEG provided that this protein contains at least one amino group for condensation. . 

Preferred proteins which can be used In the present invention are interleukin-l (IL-1), lnterleukm-1 
receptor antagonist (IL-1 ra), interleukin-2 (IL-2) and interferons, viz. IFN-alpha (leukocyte interferons), FN- 
beta (fibroblast interferon) and IFN-gamma (immune interferon), their naturally occurring forms as well as 
analoqs, homologs or truncated forms thereof. . u 

The interleukin-1 receptor antagonist (IL-1 ra) herein may be obtained from tissue cultures or by 
recombinant techniques. One method of obtaining IMra is to real U937 human myelomonocytic celte 
(ATCC CRL 1593) with the differentiating agent phoibol myristate acetate (PMA) and then stimulate them 
with Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF; obtainable from Amgen) and plating 
and purifying the IL-1ra from the culture supernatant liquid as described by Carter et al. Nature 344. 633- 

40 Recombinant IL-1 ra refers to IL-lra having comparable biological activity to native IL-1 ra but prepared 
by recombinant techniques as described by Carter et al. supra or by Eisenberg et al. Nature 343. 341-346 

(1990) 

Interferon includes all types of interferons, such as a,fi,y, or « interferons, and any subtypes of any 
types. Interferons may be obtained from tissues of tissue cultures, or may be produced us.ng ^omblnant 
« techniques described in the literature, e.g. as described in European Patent Appl.cat.on Publ. No 43 980. 
Other methods for generating and isolating natural or recombinant interferons are also well known in the art. 
In accordance with this invention, it has been found that the protein-conjugates of this invention have the 
same utility as the protein used to form the conjugate. Therefore, these conjugates are therapwOca* 
active in the same manner as the protein from which they are formed and can be used .n the same manner 
as the protein Itself without producing the undesired immune responses which may be connected with tne 
administration to subjects of the proteins themselves. Therefore, the present invention ^° compnses ; th e 
pharmaceutical compositions on the basis of the compounds of formula I or the.r salts and to methods for 

The^har^ of the present invention used in the control or prevention of illnesses 

comprises a protein conjugate of the general formula I and a therapeutically inert, non toe and 
therapeutically acceptable carrier material. The pharmaceutical compositions to be used can be formulated 
and dosed in a fashion consistent with good medical practice taking into consideration the disorder to > be 
treated the condition of the individual patient the site of delivery of the protein conjugate, the method of 
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administration and other factors known to practitioners. , K««,«»n it m 

The following examples represent illustrative embodiments of the present invention without limiting it by 
them. -. 

5 Example 1 

Preparation of alpha-[2-g(Cfrclohe)frlcarl>onlm^ 
ethanedlyl) SRU 111-7 . 

A. P reparation of alpha-(2-Chloroethyl)-omega-methoxypoly (oxy-1 ,2-ethanedlyl) SRU 111.7 (As used herein 
SRU designates the number of self-repeating units present in the PEG polymer). 

From a slurry of 50 g MPEG (methoxypolyethylene glycol, molecular weight-5000) in 700 ml of toluene 
was distilled 200ml of the solvent. To the refluxing solution was added dropwise 0.8 ml of dry pyridine and 
2 2 ml of thionyl chloride. After refluxing for four hours the reaction was allowed to stir overnight. The 
solvent was then removed under reduced pressure and 500ml of ChfaCh added to the residua The 
resultant solution was then dried with anhydrous K.CO, and passed through 50g of basic alumina , (Wo em 
Super I). Most of the CH 2 CI 2 was then removed under reduced pressure and one liter of i diethyl ether 
added to the resultant syrup. The ether was removed by distillation and additional diethyl ether added to 
cause precipitation. The mixture was stirred at room temperature for two hours and then filtered to give 45 g 
of alpha-(2-chloroethy"l)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 1H-7 ^ _ 

Anal. Calcd for C3HrCIO(CH 2 CH 2 0),„. 7 C.53.97; H.9.12; Cl.0.71. Found: C, 54.21 H.8.70. Cl.0.71 

B. Preparation of alpha -(2rAzidoethyl)-omega-methoxypoly (oxy-1 ,2-ethaned iyl) SRU 111-7 

A mixture of 20g of sodium azide and 50g of alpha-(2-chloroethyl)-omega-methoxypoly (oxy-1 .2- 
ethanedlyl) SRU 1117 was heated at 120-125'C in 375 ml of dry DMF. After 7 hours the solvent was 
removed under high vacuum. The residue was dissolved in 500 ml of CH 2 CI 2 and filtered through 
diatomaceous earth. Most of the CH 2 CI 2 was then boiled off and diethyl ether added to cause precipitation. 
The mixture was stirred overnight and then filtered. The residue was then dissolved In a ™™^£0j" 
at 50-C, the solution cooled, and the precipitated product filtered to give alpha-<2-azidoethyl)-omega- 
methoxypoly (oxy-1 ,2-ethanediyl) SRU 111.7 „„ „„„ , 

Anal Calcd for CaHaNaOtCH^H.O),^: C.53.77; H.9.09; N.0.84. Found: C.S3.61; H.9.08; N.0.89. 

C. Preparation of alpha-(2-Aminoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 111.7 

To a mixture of 25g of alpha-(2-azidoethyl)omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 111-7 in 250 
ml of dry glyme was added 3.5 g of 10% Pd/C. The mixture was then placed under an atmosphere of 50 
p s i of H* and shaken at 50* C for 18 hours. The mixture was then filtered, the solids washed with CH 2 CI 2 
and the combined organic solutions placed under reduced pressure to remove the solvent. The residue was 
then dissolved in 100 ml of warm glyme. and the product allowed to precipitate from the cooled solution. 
The precipitate was filtered and dried by warming under reduced pressure to give 23g of alpha-(2- 
aminoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 111.7 uo1Q . Mn , B 

Anal. Calcd for C3H,N0(CH 2 CH 2 0) 1U . 7 : C.54.43; H.9.20; N.0.28. Found: C.54.43; H 9.18. N 036. _ 
Alternatively a solution of 40g of alpha-(2-a2idoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 
111 7 and 8.7 g (25.6 mmol) of triphenylphosphine dissolved in 200 ml of dry CH 2 CI 2 was stirred overrngh 
under an atmosphere of argon. Water (2ml) was added and the mixture stirred an additional 12 hour.. Most 
of the methylene chloride was removed under vacuum and 400 ml of diethyl ether added. The precipitate 
was filtered, washed with ether and dissofved in 300 ml of warm (50'C) glyme. The solution was allowed to 
stand at room temperature- overnight and the resulting precipitate filtered, was hed wrth 2x100 m 0 , g^. 
2x100 ml of diethyl ether and dried in a vacuum oven under a stream of N 2 to give 35g of alphas- 
aminoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 111.7 

; D . Preparation of alpha-[2-[[(Cyclohe)(ylamino)thiocarbonyl>amino]em ylhomega-methoxypoly(oxy-1,2- 

55 ethanediyi) SRU 111.7 . 

To a solution of 4g of alpha-(2-aminoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 111.7 in 60 
ml of dry glyme at 40' C was added 0.1 ml of cyclohexyl isothiocyanate. The solution was allowed to stir at 
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40-C for 18 hours. The mixture was then filtered and the solvent removed under high vacu ^^^^ 
was then dissolved in 100 ml of warm glyme. the solution cooled and the resulting Precprtate f J ered and 
dried under high vacuum to give 3.5g of alpha-tMKcyclohexylaminoJth.ocarbonyll-am.nolethylhomega- 
methoxypoly(oxy-1.2-ethanedlyl)SRU 111.7 • - c • linri . n„B7- 

5 Anal ' Calcd for CiorfcofcOSCCttOMW C.54.25; H.9.13; N.0.54; S.0.62; Found. C.54.39. H.8.87, 

N.0.55; S.0.59. 

E Preparation of alpha-[2-[[(Cyclohexylcarbonlmldoyl)amino1-ethyl]-omega-methox y P oly(oxy-1.2- 
ethanediyl) SRU 1.11.7. 

W A solution of 1 g of alpha-[2-[[(Cyclohexylamino)-thiocarbonyllamirK)]emyll-omeg^ 

ethanediyl) SRU 111.7, 120 mg of trlphenylphosphine, 90 Ul of CCUand 84 ul of triethylamine in 5 ml of 
was refiuxed for 7 2 9 hr. The solvent was then removed under reduced P^^J 8 '^ 
delved in a minimum of dry glyme. After cooling, the product P^?^ 

,5 under vacuum to give alpha12-£[(cyclohexylcarbonimidoyl)am.no]ethyl?omega-methoxypoly-(oxy-1,2. 

''^^Su^.fkO^C^^ C.54.61; H.9.15; N.0.55: Found: C.54.95; H.9.27; N.0.50. 


Example 1a 


20 


Preparation of alpha-(2-Chloroethyl)-omega-methoxypoly(oxy-1,2 -ethanediyl) SRU 225 

By the procedure described in Example 1A, MPEG molecular weight 10,000 was converted to alpha-(2- 
chloroethyl)<)mega-methoxypoly(oxy-1^thanediyDSRU 225. . , _ - 

Anal. Calcd for CaHrCIOtCH^OfcM: C.54.37; H.9.14; Cl.0.35. Found: C.54.30, H.9.15, Cl.0.41. 

Example 1b 

Preparation of a ipha-(2-Azldoethyl)-omega-methoxypply(oxy1, 2-ethanedlyl) SRU 225 

By the procedure described in Example IB, a ^^^^ oro ^^^^ e ^ m ^'^^^^'c^[i 
ethanediyl) SRU 225 was converted to alpha-(2-a Z idoethyl)-omega-methoxypoly (oxy-1 ^-ethanediyl) SRU 

225 

Anal. Calcd for C,H 7 N30(CH 2 CH J 0) 225 : C.54.34; H.9.13; N.0.42. Found: C.54.32; H.9.28: N.0.50. 
Example 1c f ; 

Preparation of alpha-(2-Amlnoethyl) omega-methoxypoly(oxy 1,2-ethanedlyl) SRU 226 

By the procedure described in Example 1C, a'P^2-azidoemyl)-omeg^ 
ethanediyl) SRU .225 was converted to alpha-(2-aminoethyl)-omega-methoxypoly (oxy-1 ^-ethanedtyl) SRU 

^Anal. Calcd for C3H 9 NO(CH 2 CH 2 0)«s: C54.48; H,9.17; N.0.14. Found: C.54.80; H.9.21; N.0.12. 
45 Example id 

Preparation ol alpha-(2-Chloroethyl)-ome fl a-methoxypoly (oxy-1 .2-ethanediyl) SRU 28.3 

To a solution of freshly distilled oxalyl chloride (0.5 ml) in 40 ml of dry CH 2 Cfe * 0 ' C jf* 1 
so dropwise 0.5 ml of dry DMF in 10 ml of CH 2 a 2 . The resulting solution was warmed to room to">P«*»* 
S for 5 min andWagain cooled to 0 * C. MPEG molecular weight 1325 (5.6 gr) was tan adde* 
and the resulting solution refiuxed for 5 hr. The mixture was then poured into water and I the mixture 
extracted with cW The CrfcCfe solution was dried <MgSO«) and t 28 3 as a S 

pressure to give 1.7 g of alpha-(2-chloroethyl)-omega-methoxypoly (oxy-1. 2-ethanediyl) SRU 28.3 as a wh.te 

55 P ° W Sj. Calcd for C3H 7 CIO(CH 2 CH 2 0) 21I; ,: C.53.38; H.9.03; 0.2.64. Found: C.53.48: H.9.10: Cl.2.41. 
Exampl 1 
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Preparation of alpha-(2-Azld ethyl)-omega-methoxyp ly ( xy-1,2- than dlyl) SRU 2&3 

By the procedure described . in Example -1B, alpha-(2-chloroethyl)-orhega-methoxypoly(oxy-l,2- 
ethanediyl) SRU 28.3 was converted to alpha-(2-azidoethyl)-ornega-rnethoxypoly (oxy-1,2-ethanediyl) SRU 
s 28 3 

* Anal. Calcd for ^HrNaOfCHaCHzO^: C.53.12; H.8.99; N.3.11. Found: C.53.21 ; H.9.07; N.2.98. 
Example 1f 

Preparation of alpha-(2-Amlnoethyl)-omega-methoxypoly (oxy-1,2-ethanedlyl) SRU 28.3 

By the procedure described in Example 1C, alpha-(2-a2idoethyl)-omega-methoxypoly(oxy-i f 2- 
ethanediyl) SRU 28.3 was converted to alpha-(2-aminoethyl)-omega-methoxypoly (oxy-1,2-ethanediyl) SRU 
28 3 

' Anal. Calcd for Ca^NOtC^C^O^: C.54.47; H.9.17; N.0.14. Found: C.54.44; H.9.19; N.0.15. 
Example 2 

Preparation of Recombinant Interferon-aipha (IFN-alpha) Conlugated to PE G by means of the 
■ 20 reagent alpha-[2-[[(C*clohexylca rbo^^ 
SRU 111.7. 

alpha-[2-[[(Cyclohexylcarbonimidoyl)amm^ SRU 1 11.7 

prepared according to Example 1 was added to 1 mg of homogenous IFN-alpha in 200 ul of buffer (0.1 M 
sodium borate, pH 9.0) in a molar ratio of 10 moles of reagent per one mole IFN-alpha. The solutions were 
thoroughly mixed and the pegylation reaction allowed to proceed at room temperature for 60 minutes 

The amount of derivatization (or pegylation) of IFN-alpha was estimated by SDS-polyacrylamide ge 
electrophoresis (SDS-PAGE) (TABLE 1). Proteins were visualized by Coomassie Blue staining. Analysis of 
the products from the 60 min. reaction reveals new higher molecular weight protein species ; co ™^ 
to PEG-conjugated IFN-alpha. IFN-alpha has an apparent molecular weight of 15 kD by SDS-PAGE. 
Unmodified IFN-alpha whose apparent molecular weight remains unchanged is therefore not conjugated 
with PEG. The PEG-modified IFN-alpha product has an apparent molecular weight of 28 kD. 
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Modification of IFN-alpha with the feagent described in Example 1 

Apparent Molecular Weight of IFN Protein (kD) 

% of Total Protein from Reaction 

15 (unmodified) 
28 

80 
20 


Example 3 

Preparation of Recomb inant lnterleukln-2 (rlL-2) conjugated to P EG by means of the reagent 
alpha42^(Cyclohexylcarlx>nlm ldoyqamlno]ethyn-ome g a-metnyoxypoly(oxy-1, 2 ^thanedlyl) SRU 

111.7. 

AlphaH24[(cyclohexylcarbonlmidoyl]amino]emyl]-omega-methow s " u u ™ 

prepared according to Example 1 was added to 2 mg of rlL-2 in 200 ul of buffer (0.1 M sodium borate, pH 
9.0) in a molar ratio of 10 moles of reagent per one mole rlL-2. The solutions were thoroughly mixed and 
the pegylation reaction was allowed to proceed at room temperature for 60 minutes. ' 

The amount of derivatization (or pegylation) of the protein was estimated by SDS-PAGE (Table II). 
Proteins were visualized by Coomassie Blue staining. Analysis of the products from the 60 m.n. reaction 
reveals new higher molecular weight protein species corresponding to PEG-conjugated rlL-2. rlL-2 has an 
apparent molecular weight of 15 kD by SDS-PAGE. Unmodified rlL-2 is the protein separated from ttie 
reaction mixture whose molecular weight remains unchanged and is therefore not conjugated with PEG. The 
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predominant PEG-mddified rlL-2 product has an apparent molecular weight of 28 kD. 

TABLE II 


w 


15 


20 


25 


30 


Modification of rlL-2 with the reagent described in Example 1 

Apparent Molecular Weight of rlL-2 Protein (kD) 

% of Total Protein from Reaction 

15 (unmodified) 

20 

28 

50 

33 

20 

43 

10 


Pegylated rlL-2 was purified from the reaction mixture as described by Katre et al. [Proc Na . Acad. 
Sci USA, 84:1483-1491, (1987)] using hydrophic exchange chromatography (Bio-Rad; Biogelphenyl 5-PW). 
A linear gradient with decreasing salt from 1.53 to 0.0 M (NH^SO* in 50 mM sodium phosphate pH 7.0 m 
30 minuL was used to separate PEG-modified and unmodified r.L-2 Aliquot* °y^«<*™ ™ 
evaluated bv SDS-PAGE and pooled fractions were assayed to determine its specific activity in a CTLL cell 
ZSSZZ. bV ^ aJL desert by Qi.lis et ai. [J. immunology 

concentrations were determined spectrophotometries at 280 nm usmg an extinction coeff.c1ent of 0^67 
for rlL-2 The specific activity of the rlL-2 isolated proteins is expressed as un.ts/mg protein and the resuHs 
are summarized in Table III. It is apparent that specific activity of rlL-2 is not sigmficantly altered by 
conjugation with PEG. 

TABLE III 


Bioactivity of rlL-2 conjugated to PEG with the reagent described in Example 1 

Apparent Molecular Weight of rlL-2 Protein (kD) 

Specific Activity (units/mg) 

1 5 (unmodified IL2) 
28 ' 

2.0x107 
2.4 xlO 7 


35 Example 4 ' . 

Preparation of Reco mbinant IriterleuKln 1-alphaVlL-l alpha) Con|ugated to PEG by means of the 
reagent a |pha^((^clohexylcarbonlmldoy0aml nolethynorne B a- m ethoxypoiy(oxy-l,2-ethanedlyl) 

SRU 111.7. 

The reagent described in Example 1 was added to 2.0 mg of homogenous rlM alpha ^l^l JMjj 
sodium borate. pH 9.0 in a molar ratio of 10 moles of reagent per one mole rlL-1 alpha The solution was 
thoroughly mixed and the pegylation reaction was aUowed to proceed at '"f^ftm 
The amount of derivation (or pegylation) of the protein was estimate dby SDS-PAGE (Tab e ^The 
proteins were visuaHzed by Coomassie Blue staining. Analysis of the products from the 60 minute reaction 
reveals new higher molecular weight protein species corresponding to PEG conjugated rlL-1 alpha protein. 
TflSZEZ apparent molecufcr weight of 17 kD by SDS-PAGE. 

from the. reaction mixture whose apparent molecular weight remains unchanged and 's therefore not 
conjugated with PEG. The PEG-modified rlL-1 alpha product has an apparent molecular weight of 30 kD. 

.50 ' • ' 


40 


45 


55 


19 


EP 0 510 356 A1 

TABLE IV 


w 


20 


Modification of rlL-1 alpha with the reagent described in Example 1 

Apparent Molecular Weight of rlL-1 alpha Protein (kD) 

% of Total Protein from Reaction 

. 17 (unmodified) 

- ' ' 30 

.85 
15 


Example 5 

Preparation of alpha-[(1>Dlhydro-2-oxo-1-pyiidlnyl)thlocarbonyn-bmeg a-methoxypoly(oxy-1,2- 
ethanedlyl) SRU 111.7 , 

From a solution of 1 g (0.2 mmol) MPEG (methoxypolyethylene glycol) molecular weight of 5000. in 15 
ml of dry toluene was distilled 5 ml of solvent. The resulting solution was cooled and 46.5 mg (02 mmol) o 
1.1-carbonothioylbis-2(1H)-pyridinone was added. The mixture was then refluxed under an atmosphe re of 
argon for 4 hours. The solvent was then removed under vacuum and the residue dissolved m 5 ml o dry 
glyme and let stand overnight. The resulting precipitate was then filtered and washed wrth 2x5 ml of dry 
glyme and 5 ml of diethyl ether. The product was then dried in a vacuum oven under a slow s ream of 
nitrogen to give 0.96 g of alpha-[(1.2^ihydro-2-oxo-1-pyridinyl)thiowrtwnylhomega-methoxypoly(oxy-1.2- 

25 0.18; S.0.59. 
Example 5a 

Preparation of alpha^(1,2-Dihydro-2-oxo-1^ldlnyl)thlocarbonygomega-meth oxypoly(oxy-1,2^^^ 
30 ethanedlyl) SRU 225 

By the procedure described in Example 5. MPEG (methoxypolyethylene glycol) molecular weight 
10.000 was converted to alphaW-dihydro-2K>xo-1-pyridinyl)thio 

N, 0.15; S t 0.31. / 
Example 6 

Preparati on of Interteukln 1 receptor antagonist (IL-Ira) c onlugated to PEG by means of the 
riaiirrt~ alpha-L(1,2-Dlhydro-2-oxo-1- pyrldlnyl)thlocarbonynomega-mei n oxypoly(oxy1,2- 

ethanedlyl) SRU 111.7. 

Alpha-[(1.2-Dihydro-2-ox^^ 
prepared according to Example 5 was added to 10 mg of homogenous IL- ra ^ f 'SSTJ 
sodUim borate. pH 9.0) in a molar ratio of 5 moles of reagent per one mole of IL-I ra. The soLrtio was 
thoroughly mJ. and the pegyUtfon reaction was aHowed to proceed ^.^S^ ^21%)' 

The amount of derivation (or pegylation) of the prote.n was estimated by SDS^AGE 
Proteins were visualized by Coomassie Blue staining, Analysis of the >j£ u< * ,r0 ^^^^^ 
reveals new higher molecular weight protein species corresponding to "L-1»JJJ^ «L £ 

has an apparent molecular weight of 19 kD by SDS-PAGE. Unmodrfied IL-1ra s the proten from ttie 
ScSn mixture whose apparent molecular weight remains unchanged and Is therefore not conjugated with 
PEG 

The predominant PEG-modified IL-1 ra proteins have apparent molecular weights of 26 and 33 kD. 
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TABLE V 


10 


15 


20 


Modification of IL-1ra with the reagent described in Example 5 

Apparent Molecular Weight of IL-1 ra Protein (kD) 

% of Total Protein from Reaction 

19 (unmodified) 

36 

26 

. 33 

33 

21 

>33 

10 


Pegylated IL-1ra was purified from the reaction mixture using hydrophobic exchange chromatography 
(Bio-Rad; HRLC MP7 HIC). A linear gradient with decreasing salt concentrations from 0.43 to 0.0 M (NH 4 )- 
2SO4 in 50 mM sodium phosphate pH 7.0 in 20 minutes was used to separate pegylated IL-1ra and 
unmodified IL-ira. Aliquots of fractions were evaluated by SDS-PAGE and pooled fractions were assayed in 
an IL-1 radioreceptor competition binding assay. [Kilian et ai. J. Immunol., 1 36, 4509-451 4, (1986)]. Briefly. 
IL-1ra and PEG-IL-1ra were incubated at varying concentrations with EL-4 membranes for 30 min at 37 'C. 
The [ 125 I]IL-1 alpha was then added and the incubation continued for 30 min. The assay was terminated by 
vacuum filtration and the collection of cell bound [ 125 I]IL-1 on filter plates. The concentration of IL-tra or 
PEG-IL-lra that inhibits binding of [ 125 I]IL-1 by 50% (IC50) was determined graphically. The results are 
shown in TABLE VI. The IC50 of IL-1ra in this assay is 1-2.0 ng/ml. The pegylated IL-1ra mixture retained its 
ability to bind to the IL-1 receptor on EL-4 membranes within a factor 2 to 3 fold relative to the unmodified 
ll-1ra. 


25 


TABLE VI 
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Inhibition of [ 12S I] IL-1 Binding by of IL-1ra Conjugated with the reagent described in Example 5 

Apparent Molecular Weight of IL-1 ra Protein (kD) 

ICso (ng/ml) 

19K (unmodified) 
26K, 33K (mixture) 

2.0 
5.0 


The pharmacodynamics of IL-1 ra protein was evaluated in vivo by the ability of the IL-1ra to inhibit rlL- 
lalpha induction of interleukin-6. Serum from mice treated with rlL-talpha contain high levels of IL-6, 
[Mcintosh et al,, Immunol. 143: 162-167, (1989)]. Ti>e administration of unmodified IL-1 ra together with I L- 
1 alpha (0 hr time point) inhibits the induction of IL-6. This test system was used to compare the 
pharmacodynamic properties of unmodified and PEG IL-ira. Groups of three female C57B1/6 mice were 
injected subcutaneously with 200 ug of unmodified IL-1ra or PEG- IL-1 ra 48 hr, 24 hr, or 6 hr before or 
simultaneously <<0 hr) with 0.2 ug rlL-1 alpha. Three hours later, serum samples were collected. IL-6 levels 
(units) were determined using a modification of an IL-6 assay that has been previously described [Van 
Snick et al., Proc. Natl. Acad. Sci. USA 83:9679-9683, (1986)]. In the IL-6 assay, B9 hybridoma cells were 
treated with two fold serial dilutions of the test sera in 96-well microliter plates. Following a 3 day incubation 
at 37 # C in a humidified atmosphere comprised of 5% C0 2 and 95% air, the wells were pulsed with 0.5 uCi 
of tritiated thymidine and incubated for an additional 18 hr. The cells were then harvested onto glass fiber 
filters and the level of tritiated thymidine incorporation was determined by scintillation counting. IL-6 activity 
is expressed as U/ml. IL-6 units are defined as the inverse of the serum dilution which produces half- 
maximal tritiated thymidine incorporation compared to a reference standard. 

The pharmacodynamic data are summarized in Table D1. Mice treated only with IL-1 exhibited 28852 
U/ml IL-6. Both unmodified and modified IL-ira inhibited IL-6 induction at 0 hr. However, the pegylated IL- 
ira demonstrated a prolonged IL-6-inhibitory effect as compared to unmodified IL-1ra at 8 and 24 hours 
after administration. 
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TABLE D1 


Pharmacodynamic Profile of IL-1ra Conjugated with the reagent described jn Example 5 


Time (hr.) Prior to IL-1 Administration 


IL-6 (Units/ml) 


19 kD 


26 kD 


10 


0 
6 
24 
48 

72 


772 
8361 
22525 
18485 
13220 


705 
1587 
9844 
21119 
21470 


15 


20 


25 


30 


Example 6A 

Preparation of Interleukin 1 receptor antagonist (IL-1 ra) conjugated to PEG by means of the 
reag ent — a ipha-[(1,2-Dlhydrc~ 2-oxo-1-pyridinyl)tM^ 
ethanediyl) SRU 225. 

"t ' ' • 

IL-1 ra was conjugated and purified according to the procedure illustrated in Example 6 using the 
reagent described in Example 5a. 

The predominant PEG-modified IL-1 ra proteins have apparent molecular weights of 33 kD and 48 kD. 
The 33kD and 48 kD protein accounted for 46 and 27% of the total protein in the reaction mixture. 

respectively. . . _ . , 

The ability of these proteins to inhibit IL-1 binding, as described in Example 6, is summarized in Table 
VII The 33kD PEG modified protein retains the ability to inhibit IL-1 binding within 6-fold relative to IL1-ra 
and more extensive modification of the protein with PEG as observed with this 48kD protein results in a 
substantial loss in its binding to the IL-1 receptor. 

TABLE VII 


35 


40 


45 


Inhibition of [ 12S 1] IL-1 Binding by IL-1ra Proteins Conjugated with the reagent described in Example 5a 

Apparent Molecular Weight of IL-1 ra Protein (kD) 

ICso(ng/ml) 

19 (unmodified) 

33 

48 

1.6 
9.0 
50.0 


To determine the pharmacokinetic profile of PEG-IL-Ira species. C57BF/6 mice were administered 100 
ug of modified or pegylated IL-1ra species subcutaneously. Serum samples were collected after 1. 2. 3 4 
and 6 hours from mice that received unmodified IL-1ra and after 2, 4. 8. 10. and 24 hours from mice that 
received PEG-IL-1ra. The serum levels were determined in the EL4 membrane binding assay described in 
Example 6. The data are summarized in Table D2. The PEG-IL-1ra was detectable in serum samples at 
higher concentrations and for prolonged time compared to IL-1 ra demonstrating a prolonged serum time 
' course. 
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TABLE D2. Pharmacolcine ric Profile of IT,- 1ra Pegylated 

m in Example 6a 


Sernm Concentration of 


10: 

Time ("hr/) After Administration 

J9 kD 

33 kD 



400 



■' 2 

130 

2500 

15 


40 



■ ' 4 •'. 

15 

800 


6 

16 


20 

... 8 . , - 


300 




250 




15 


25 


35 


40 


Example 7 

Pre paration of rlL-1 alpha conjugated to PEG by means of the reagent alpha^1, 2-<Hhydro-2-oxo-1- 
pyrldlnyl)thlocarbonyllomega-methoxy-poly(oxy-1,2-ethanedlyl) SRU 111.7. 

Recombinant IL-1 alpha was pegylated with the reagent described in Example 5 by the method as 
described in Example 4. Three predominant molecular weight species from the 'T^JT^J^ 
identified by SDS-PAGE with apparent molecular weights corresponding to 17 (unmodified), 26. and 33 KD. 
The latter two pegylated proteins accounted for 25 and 55% of the total protein, respectively. ■ - 

Pegylated rlL-1 alpha was purified from the paction mixture after 60 minutes using hydrophobic 
exchange chromatography (Bio-Rad; HRLC MP7 HIC). A linear gradient with decreasing salt concentration 
from 0 43 to 0.0 M (NrUfcSO* in 50 mM sodium phosphate pH 7.0 in 20 minutes was used i to separate 
pegylated rlL-1 alpha and unmodified rlL-1 alpha. Aliquots of fractions were evaluated by SDS-PAGE and 
pooled fractions were assayed for specfic activity in a D10 cell proliferation assays by the method 
described by Kaye et al. [J. Exp. Med. 158:836-854 (1983)]. Protein concentrations^ determined 
spectrophotometrically at 280 nM using an extinction coefficient of 1.0 for rlL-1 alpha. The specific activity 
of the rlL-1 alpha is approximatelyl.O x 10» units/mg. The specific activity results are summarized Table 
VIII. The 26KD pegylated IL-1 alpha conjugate retains bioactivity within 2-3 fold of relative to IL-1 alpha. 
Further modification resulting in a 33kD protein results in substantial loss of bioactivity. 

TABLE VIII 


50 


55 


Bioactivity of rlL-1 alpha Conjugated with the reagent described in Example 5 . 

Apparent Molecular Weight of rlL-1 alpha Protein (kD) 

: Specific Activity (units/mg) 

17 (unmodified) 

: ' 26 
33 

4.6 x10 7 
1.9 x10 7 
4.5 x10 s 


Example 8 
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Preparation f IFN-alpha c njugated to PEG by means of alpha-[(1,2-Pihydro-2- xo-1-pyrldinyl)- 
thlocarbonyl]- m ga-m th xypoly(oxo-l,2- thanedlyl) SRU 111.7 

alpha-[(1 ,20ihydr^2-oxo^-pyridinyl)thiocarbonyl]K)mega-methoxyp6ly(oxy-1 ,2-ethanediyl), SRU 11 1 .7 
s prepared according to Example 5, was added to 1 mg of purified IFN-alpha in 100 ul of buffer (0.1 M 
sodium borate, pH 9.0) in a molar ratio of 8 moles of the PEG reagent per one mole IFN-alpha. The 
solutions were thoroughly mixed and the pegylation reaction was allowed to proceed at room temperature 

for 60 minutes. ' iijr ^ . - An[ . ... 

The predominant molecular weight species from the reaction mixture were identrfted by SDS-PAGE with 

70 apparent molecular weights of 15 (unmodified), and 28 kD. The 28 kD pegylated protein accounted for 40% 
of the total protein. The pegylated IFN-alpha was purified from the 60 minute reaction mixture and 
characterized using hydrophobic exchange chromatography (Bio-Rad; Biogel-phenly-S-PW). A linear gra- 
dient with decreasing salt concentrations from 0.42M to 0.0 M (NHOaSO* in 50 mM sodium phosphate pH 
7 0 in 20 minutes was used to separate pegylated IFN-alpha and unmodified IFN-alpha. Ahquots of the 

15 fractions were evaluated by SDS-PAGE and pooled fractions were assayed for anti-viral activity (specific 
activity) in an MDBK assay by the method described in by Familletti, et al. [Methods Enzym. 78,387-394 
(1987)] 

Protein concentrations were determined spectrophotometrically at 280 nM using an extinction coefficient 
of 1.0 for a 1 mg/ml IFN-alpha buffered solution. The specific activity of the isolated proteins is expressed 
20 as units per mg protein and the results are summarized, in Table IX. 

The results show'thafthe specific activity of the 28kD pegylated IFN-alpha was not significantly altered 
\ relative to IFN-alpha. 

TABLE IX 


25 


30 


Bioactivity of IFN-alpha Conjugated with the reagent of Example 5 

Apparent Molecular Weight of IFN-alpha Protein (kD) 

Specific Activity (units/mg) 

15 (unmodified) • 
28 

1.1 x 10 s 
1.4x10 s 


35 


40 


Example 8A 

Preparation of IFN-alpha conjugated to PEG by means of the reagent alph a-[(1 f 2-Dlhydro-2-oxo-1- 
pyrldlnyl)thlocarbonyqomega-methoxypoly-(oxy-1 t 2-ethanedlyl) SRU 

IFN-alpha was pegylated as in example 8 with the reagent described in Example 5a. Three predominant 
molecular weight species from the reaction mixture at 60 minutes were identified by SDS-PAGE with 
apparent molecular weights corresponding to 15 (unmodified), 35 and 43 kD. The latter two pegylated 
proteins accounted for 35 and 33 per cent of the total proteins in the reaction mixture, respectively. 

The specific activities determined by procedures described in Example 8 of the pegylated species of 
IFN-alpha are summarized in Table X. The results show that the 35kD pegylated IFN-alpha product retained 
biological activity within 2-3 fold of IFN-alpha. The 43kD conjugate lost substantial activity. 

TABLE X 


50 


55 


Bioactivity of IFN-alpha Conjugated with the reagent of Example 5a 

Apparent Molecular Weight of IFN-alpha Protein (kD) 

Specific Activity (units/mg) 

15 (unmodified) 

35 

43 

3.3 x10 s 
1.2 X10 8 
1.5 x10 7 * 


Exampl 8B 
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„ araH no ,r,L.2c nlugat d t PEG by means ot the reag ^a.pha.[(1^D.hydro.2.oxo.1. 
pyrldlnyl)thlocarbonyl]omega-meth xyp iy< x y-i,*-wnan dlyl) SRU m.T 

rlL-2 was pegylated with the reagent described in Example 5 and purified using the procedure as 

5 '.■ ^pSS^ weight species from the reaction mixjre ^» 

by SDS-PAGE with an apparent molecular weights of 15 (unmodif.ed) and 25 kD. The 25 kD pegylated 

ftrntein flrmiintsd for 60% of the total protein in the reaction. 

P 2 ^Sc S of the r.L-2 isolated proteins were measured as described in.Example 3 and ,s 
in exoressed as unlts/mg protein and the results are summarized in Table XI. _ _ 

TSn be WTable XI. the biological activity of IL-2 was not altered after conjugate with PEG, 


20 


25 


30 


35 


40 


TABLE XI 


Bioactivitv of rlL-2 Conjugated to PEG with the reagent described in Example 5 

Apparent Molecular Weight of rlL-2 Protein (kD) 

Specific Activity (units/mg) 

15 (unmodified) 
25 

2.0x107 
2.0x10/ 


Example 8C 


Preparation of rlL-2 conjugated to PEG by means ot the reagent a.pha. [(1,2-Dihydro.2.oxo-1. 
pyrldlnyl)thlooarbonyllomefla-methoxypoiytoxy -1.2-etrianedlyl) SRU 

rlL-2 was pegylated using the procedure described in Example 3 with the reagent described in Example 

53 ' The predominant molecular weight species from the reaction ^J^^^^SS 
bv SDS-PAQE with apparent molecular weights of 15 kD (unmodified), 33 kD, and 43 kD. Tlie 33 and 43 kO 
pegySeS prLns acSunted for 60 and 20 per cent of the total protein in the reaction, respectively. 

Example 9 

Pr eparation ot .FN-alpha conlugated to PEG b v means of the_rea^nt alpha^(1,2-Dlhydrc-2-oxo-1- 
pyrldlnyl)thlocarbonygomega-methoxy-poiy(oxy-i,2-etnanedlyl) SRU m.7 . 

An alternative method for conjugating FN-alpha to PEG was done as follows: . ^ _ _ 

^nhsta dH 70 to a final concentration of 1.1 M ammonium sulfate and the precipitate collected by 
SS^IWOO x 3 g for After rinsing the peNet with ^^^J^Z 

sutfate 50 mM sodium phosphate. pH 7.0, the pellet was red.ssolved in a buffer conta.ning^25 jw. 
sulfate. &u rnM 5ou.u n h pEQ . modified prot ein was purified and characterized as described in 

retained biological activity within 3-foid relative to IFN-alpha. 


Exampl 10 


25 
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Potion o f IFN-a.pha conjugated to FEB by means of the reagent a IP ha. [ (1, 2.D.hydro-2.ox -V 
nvrldlnvn- thlocarbonyl]- mega-m eth xypoly( xy - LZ-etnaneoiyi; 6RU 225. 

IFN-alDha was conjugated to PEG according to the procedure described in Example 9. The proteins 
s weri p U ?Si?c^aracLzed as described in Exampies 2 and 9. The starting IFN-aipha had a specie 
& Z» «2Sx rt U/mg using the IFN-alpha conjugated to PEG which has an apparent molecular weight 
ofil k D an^had a specrfic activity of 1.0 x 10» U/mg as described in Example 8. The b.oact.v.ty of the : 
conjugated IFN-alpha was within 3-fold of IFN-alpha. 

io Example 11 

Preparation of .mha-Metiivl-omega-P-iK^ pyrldlnyloxy ) carbonyl]amlno]ethoxy]poly(oxy-1.2- 
ethanedlyl) SRU 111.7. ' 

From a solution of 1 g (0.2 mmolj of alpha-<2-aminoemyl)-om^^ 
111 7 Ts prepared in Example 1C) in 40 ml of dry CrfeCb was distilled 15 ml of solvent. To the resuK.ng 
II i o ratTc was then added 65 mg (0.3 mmol) of di-2-pyridyl carbonate and the mixture stored for an 
SSo a 4 hou^C^t was then removed under reduced pressure and the 
aiethyl ether The precipitate was then filtered and washed with 50 ml of ether followed by 50 ml of hexane. 
Tn^Tlduc was then dried in a vacuum oven under a slow stream of nitrogen to g,ve 1 g of alpha-methyl- 

Anal. Calcd tor C 9 H 12 N 2 03(CH 2 CH 2 0),„.7: C54.56; H.9.04; N.0.55; Found. C.54.26. H.9.00. N.0.53. 


/5 


20 


25 


Example 11a 

B „ r „>,„„ m a inh a -Methvl-omega-[2-[I(2-pyrldlnvloxy) C arbonynamlno1ethoxy]poly(oxy-1,2. 
ethanedlyl) SRU 225 ~~~~ 

By the procedure described in Example 1 1 . aP"H2-amino*th y l)W 
so ethanediyl) SRU 225. (as prepared in Example 1c) was converted to alpha-methy.-omega-l^ 

Example 11b 

35 preparation of g .nh 9 .M B thvl.omeo a -[2.rj(2- pyrWlnyloxy) carbonynamlno]ethoxy]poly(oxy-1,2- 
ethanedlyl) SRU 28.3 

Bv the orocedure described , in Example 11, alpha-(2-amino-ethyl)-omega-methoxypoly (oxy-1 12- 
<o ethanedW lS (as prepared in Example 10 was converted to alpha-memy.-omega-^ 

1.63. . " 
45 Example 12 

Preparat.cn of IMra conlugated to PEG by m eans of ^reagent afrha-Methy.-omegag-rje. 
pyrldlnyloxy)carbonyl] a mlno]ethoxy] P oly(oxy-i .a-ewanedlyl), SRU in-7 


so 


55 


alpha-Methyl-omega-P-^ ^rateon' 

10 from the 60 minute readon had apparent 

kD and £ i kC ™ ^ accoLd for approximately 42 and 29% of the total protem from the reaction mrxture. 

reSP ?hTabi'lity of the purified IL-1ra proteins from the reaction, mixture to inhibit IL-1 binding was 
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TABLE XII 


inhibition of [ 125 I]-1L-1 Binding by IL-1ra Protein Pegylat 

sd with the reagent described in Example 11 
IC50 (ng/ml) 

Apparent Molecular Weight of IL-1 ra Protein (kD) 

19 (unmodified) 

28 

38 

2.0 
3.0 
10.0 


10 


75 


20 


Thepharmacodynam^ 
summarized in Table. D3. IL-1 alone mduced 27283 u/ml J^^J ^ am>u „ |ess activ9 al early 

prolonged pharmacodynamic profile. 



TABLE D3 


PH^nndvnamic Profile of IL-1ra Conjugated with the reagent d y ,u. bed n. Uumple 11 

Time (nr.) Prior to IL-1 Administration 

IL-6 Units/ml 

19 kD 

26kD 

0 
6 

24 
48 
72 

4789 
15324 
24841 
16348 
12067 

23806 
10833 
5727 
9364 
12054 


25 


30 


Example 12A 


40 


45 



50 


fold relative to IL-1ra. The 48kD product lost substantial binding capacity. 
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TABLE XIII 


1 ■ inhihitinn nf -p* nit -1 Bindina bv IL-1ra Proteins Pegylated with the reagent described .n Example 11a 

Apparent Molecular Weight ol IL-1ra Protein (kD) 

ICso (ng/ml) 

19 (unmodified) 

33 

48 

0.8 
6.0 
18.0 


TO 


15 


The pharmacokinetic profile of PEG-IL-1ra Was determined as described in Example 6A The data are 
summarized in T^le D4. The PEG-IL-lra was detectable in serum samples at higher concentrations and for 
a prolonged time compared to the unmodified llxlra. 

TABLE D4 


20 


25 


30 


Pharmacokinetic Profile of IL-1ra Conjugated with the reagent described in Example 11a 

Time (hr.) After Administration 

Serum Level of IL-1ra (ng/ml) 


19 kD 

33 kD 

1 

2 

, '." 220 
33 

700 

3' 

4 . 

13 

5.3 

500 

. 6 

.. . ■ 1.5 . 

150 
83 

5 

8 
10 
24 



40 


50 


55 


Example 13 

p^tmn of r.L-2 conjugated to PEG bv means of the reagent alpha-Methyl-omegaW 
pyrldlnyloxy)carbony0amlno]ethoxy]poiy(oxy 1.2-eaianeolyl).SRU 111.7 

r.L-2 was pegyjated with alpha.methy.-omega-l2-[[(^py^ 
^h=n»rfi»i\ «?hu 111 7 accordino to the procedure set forth in Examples 3 and 8b. The specific activity or 

m * v specific «** of , the ?X££ZZ 

*«Tx 1* units/mg and of the 29 kD pegylated IL-2 was 2.4 x 10> units/mg IL-2 .ndicatmg no 
substantial loss of biological activity as a result of pegylation. 

Example 14 

a < Pt-G-modHled rlL-1 alpha conjugated to PEG by means of ** reagent alpha-Methyl- 
omega-[2-a(2.pyrldlnylo)cy)carbon yqamlno]eth 0 >o/ J poly(oxy-i^-exnanedly^ SRU m.7 

rlL-1 alpha was pegylated with the reagent described in Example 11. f^™^ 0 ™^^ 
pynlny^^^ 

Erth in FvamnJes 4 and 7 Two pegylated rlL-1 alpha proteins with apparent molecular weignts ox 

Jj£ * .50" «« 25 > e ' C8nt ° f the t0fal Pr0,einS ^ ^ reaCt, ° n 

mixture at 60 minutes respectively. 

Example 15 

-r ^i o« .FN-aloha c njugated to PEG bv means of the , r agent a.pha-Methy.- megaW 
pyrldlnyloxy)carbonyljaminoj th xy]p ly](oxy-i, 2- thanedlyi), SRU 111.7 
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20 


25 


apparent molecular weight of 26 kD. 

5 ' . . • ' ' 

Example 16 

Pr.oarat.on of IFN-alpha conluaated to PEG by mean, 

P vridlnYloxy)-cart.onvOamlno]ethoxyJ polv(oxy1,2-ethan e diyl), shu nj.7 Alternative metnoo 
to peyglatlng IFN-alpha. 

the IFN-alpha. 
Example 17 

Preparation of .FN-a.oha con.ugated to PEG b y me a ns o f the r eagent a.phaWomegaW 
P vrldlnyloxy)carbonynamlnojetho xy]poly(oxy-1,2- e thaneoiyi) SRU 225. 

Example 18 ^ 

* ^LcdforC,*,^^ 

■ Example 18a ' 
« Prepared ot alpha. t (2.Py^ 

Bv the procedure described in Example 18, MPEG (methoxypolyethylene glycol) 

Example 19 

^P- — ■ Af .L-ira conjugated to PEG by mean s of the reagent alpha-KZ-Pyrldlny^carbonyq. 
omega-methoxvpoty (oxy-1,2-ethanediyi), skU 111.7 

IL-1ra was pegylated with a |pha-K2-pyridin y loxy)carbonyl]omega-methoxypoly 
SrJ 111 7^ the pracedure previously described in Examples 6 and 12. The predommant pegyl ated 
produ«s had app^em molecufcr weights of 26 kD and 33 kD and accounted for approximately 31 and 57 


50 


55 


29 


EP 0 510 356 A1 


binding activity. 

TABLE XIV 


|nhi ^ * p.,, .1 Rindinn bv IL-1ra Proteins Pegylated with the reagent descnbed ,n Example 18 

Apparent Molecular Weight of IL-1 ra Protein (kD) 

ICso(ng/ml) 

19 (unmodified) 

26 

33 

2.0 
8.0 
30.0 


10 


15 


20 


25 


Example 19A 

r ~ r * ■■ .i» boated to PEG by mean s of »h» reaoent al pha.[(2.Pyr.d.ny.oxy)barfaonyn- 

omega-methoxypoly (oxy.1,2-ethanedlyi], sku *25 


30 


35 


40 


45 


TABLE XV 


lnhih , h „ ^ pip -1 Bind.no bv IWr. Proteins Pegylated with the reagent descnbed ,n Example 18a 

Apparent Molecular Weight of IL-1 ra Protein (kD) 

ICso(ngyml) 

19 (unmodified) f 

33 

48 

1.5 
9.0 
40.0 


50 


55 


ZZZlo le^^-^o^ng a a^^l^a "was 

of PEG-IL-ira was determined as descnbed Jn 1 ^ ° 6 ^^^ 

administered. The data are summarized n Tabl ^ P ^£ s 8en at up to 72 hours following 
prolonged inhibitory effect, compared to "n™^ 1 ^ 

administration of the PEQ-IL-1ra demonstrating ^f.^ C °^^^ ooM have improved 
data illustrate that even if a pegylated protein has diminished activity m vitro, 
pharmaco-dynamic properties in vivo - 


30 
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TABLE D5 


70 


'Pharmacokinetic Profile of IL-1ra Conjugated with the reagent described 

in Example 18a • ■__ 


Time (hr.) After Administration 


1 
2 
3 
4 
6 
8 
10 
24 


Serum IL-1 ra (mg/ml) 


19 kD 

580 
75 
30 
30 ' 
8 


33 kD 


100 


60 

12 
17 
10 


20 


TABLE D6 


Pharmacodynamic Profile of IL-1 
time (hr.) Prior to IL-1 Administration 

ra Conjugated with the reagent d< 
IL-6 (Ur 

19 kD 

ascribed in Example 18 
its/ml) 

26 kD 

0 
6 

24 . 

48 

72 

521 
2334 
13486 
16577 
12800 

454 
416 
2552 
4667 
5148 


30 


Example 20 


35 


40 


45 



The -gent *pha^^ rSo7ll 
added to 1 mg of purified IFN-alpha in 200 ul of bMB ^ m ^^'^ ^ pe gyiation reaction was 
moies of reagent per mole '™-^a. ^ then obtained 

described in Example 8 and the values are summarized in Table XVI. 
decrease in biological activity in vitro. 


50 

TABLE XVI 


Bioactivity of IFN-alpha Conjugated with the rea; 

aent described in Example 18 


Apparent Molecular Weight of IFN-alpha Protein (kD) 

Specific Activity units/mg 


15 (unmodified) 

1.88 x10 s 
8.0 x10 7 

56 

28 


31 
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Exampl 20A 

ot iriL-2 c nlugated « PEG by m ^ f th e r^pen, a,pha. [ (2.Pyr l «. l ny,oxy)c.r b nyq- 
omega-methoxypoly(oxy-1,2-e thaneaiyi), »hu 111-7 

accounted for 60% of the total protein. 
Example 21 

" oon'uaated to PEG by ^ans o, the reagent a.p^-Pyr.a.ny.o.y). ; 

carbonyQomega-m ethoxypply (oxy1, 2 -ethanediyi) s*» 111.7. 

.FN-alpha was pegyiated with the reagent described in Example 18 according to the procedure 

20 described in Example 9. ^ ■: . Pvamnle 8 of the starting unmodified I FN- 

demonstrating no significant loss in bioactivrty. 
25 Example 22 

rrrrir „- ^ ICM a ,n ha . seated to PEG by means o. th e reagent a.pha^Pyr.d.ny.oxy)- 
carbonyqomega-methoxypoly (oxyl^- ethaneoiyi) sm. .26, 

conjugated to PEQ was 0.3 x 10 8 U/mg. 
Example 23 

Preparation of alP ha-[2-Mso»h.ocyanato)ethyq-nm e oa.methoxypo.y (oxy-1,2.ethaned.y.) SRU 111.7 

, To 2 g of a.pha-(2-an«^ hori^n 
was added 94.2 mg cl £<££^to^ri* recced pressure and 

N, 0.28; S, 0.53. 
Example 24 

p^rafon.FN-a.pha con)^ H ,n peg bv means ot the reagent a , P h a.r2.Cso« h .ocyanato)ethyq : 
omega- methoxypoly loxvl.frethanedlyl), shu i11.7 

The reagent aipha^ 


30 


35 


40 


Example 25 


32 
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w 


n^^^ir--- — « nt aipha - t2 - (ls tt ^g^- 

-^no^- mtt, «vdoIv( xy-1,2-ethan d lyll.SHum.r 

derivation results are. summarized in Table XVII. 

TABLE XVII 


75 


20 


25 


30 


MnriHimriinn of rlL-2 with the reagent described in Example 23 

Apparent Molecular Weight of rlL-2 Protein (kD) 

% of Total Protein from Reaction 

15 (unmodified) 

26 

30 

70 
20 
10 


Example 26 

r||||||| ^...^ tn peg bv means of the reao.nta.^^ 

r ^. mgth 0 xvDolv«oxv-1,2-ethane (llyi),SHUiii^ 

,Mra was pegylated with 

111.7. according to the procedure described I .n Ex ^ e ^^J^'" 7 , 44, S and 10 per cent of 
molecular weights of 26, 31 , 38 and 48 kD and accounted for approximately f , 

the total protein, respectively. ^ . _. , te .. eac « on mixture to inhibit IL-1 binding 

retained its binding capacity within 2-3 fold of IL-1ra. 

' TABLE XVIII 


40 


inhibition of [-HIL-1 Binding by IL-1ra Protein Pegylated with the reagent descnoea 

in Example 23 

Apparent Molecular Weight of lL-1ra Protein (kD) 

lCso(ng/ml) 

19 
26 

2.0 
5.0 


Example 27 

described In Example 4. . r J , „, ora B waluated in the D10 cell proliferation assay as 

The bioactivity of the pooled puntad jj u J a i noted as mixtures in the table 

described In Example 7 and results summanzed in Table XIX. The samples 


33 


EP 0 510 356 A1 


contained more than on, protein species that was not further purified. W26KD pegy.ated protein had a 
specific activity essentially indistinguishable from IL-1. . 


10 


TABLE XIX 

Ri ^ y * hi -1 a.nha coniuaated to PEG with the reagent descnbed ,n Example 23 

Apparent Molecular Weight of rlL-1 alpha Protein (kD) 

Specific Activity units/mg 

17 
26 

26. 38 (mixture) 
' >38 (mixture) 

1.1x10* 
1.7 x10 s 
2.0 x10 s 
6.0 x10 s 


20 


25 


30 


Example 28 

Pr.oarat.on 0 r a.pha^-Pvr.^^ (oxv-l^ethanediy.) SRU 

225. .■ 

Fr om a solution o» 1 g <0, mmol, MPEG <™<t^ * * 

ml of CH 2 C, 2 was distilled 10 ml of s0 ' v °^ atmosphere of 

2-pyndyl thionocarbonate and 2 mg of DMAP /f n d .^^ 9 u ^ ^ residuVredissolved in a minimum of 
argon for 18 hours. The solvent was removed " nd * va f cuu ™JT *VSed with ether. The product was 
cS 2 CI 2 . Ether was then added and the resuHing ^^^^ff^S^ L resulting 
then dissolved in 5 ml of warm glyme and the ^STJ^SSS^ ether. The product was 


Example 29 



.40 


a.pha«2^ 

described in Example 28. was added to 2.0 ^^'J^il^^**^ mixed and the 
a molar ratio of 2 moles of the reagent per one mole of IL-1 ra. ™ ■ pEQ djfled , u . 1ra was 

pegylation reaction was allowed to proceed at room temperature for 60 rn.nutes. PE6 moa 
then purified according to the procedure set out in ^ ^ _ lir weignt of 33 kD and accounted for 

The predominant pegylated product had ^rZ\T^mmT\he ability of the purified IL-1ra 
approximately 17% of the total protein from the in Example 6 and 

proteins from the reaction mixture to .nh,b,1 [^^^SZ^Mn 3-4 fold of the IH* 
45 summarized in Table XX. The binding capacity of the 33kD protein was wnn 


TABLE XX 


50 


55 


„„ , „r rn.i minii nn T " « — lated with * 9 reagent described 


Molecular Weight of IL-1ra Protein (kD) 


19 (unmodified) 
33 


ICso{ng/ml) 


1.4 

5.0 


Exampl 30 


34 


EP 0 510 356 Al 


Carbonothioic acid o,a-di-(6-m8thyl- 2-pyridinyl)9ster 


10 


ml of triethylamlne.; The solution was cooled to 0 C ana mixture was ^ a ,| 0W8d to 

dropwise 4.1 ml (0.046 mo.) of a solution JJW ^ ^ ^ ^ saturated 

stir at room temperature lor 5 nr.. filtered under reduced pressure. Hexane 

NaHCO, solution. The organ,c layer ™ d ™**^™*2tm was allowed to digest overnight, The 
(100 ml) was then added to the res.due and the result ^9 ™ 9 ^ cuu(n oven under a slow stream of 
Silting precipitate was fi.tered. - sh *.;^^^^ C - 
nitrogen to give 5.7 g of c^^^^^grJ'S tVTK. Found- C, 59.65; H, 4.59; N, 10.75; 
Anal. Calcd for CaH^NjOjS: C, 59.98; H, 4.65. N, 10./b, 

S.12^6. 


thlocarbonynamlno1ethoxy]poly(oxy-1.2- 


20 


25. 


30 


35 


40 


Example 31 

al P ha-Methyl-omeaa-r2-[[(6-niethyl-2 -pyr1dlnyloxy) 
ethanedlyl) SRU 22b . ■ , '■■ 

A solution of 1 g of a-PH-ethox^ 
pared in Example 1c),and 52.7 mg of car bonrth,* aad ^ ,( ™™^ y Tne solv9 nt was removed 
Sissolved in 15 ml of dry CH 2 CI, was ; stirred - ^ prec i pi tate was tittered and 

under reduced pressure and the rescue J^^^J^, glyrn /and filtered through a 0.75 
washed with ether. The product ^was then d ,sso Ivec ,n 5 mUf wa g m for ^ nr _ and ^ 

micro n Millipore filter. The solution was L*^!* oven under an atmosphere of N 2 for 

?sr?o p S'oivr^ w]po,y - 
(oxy i^ •* n - °- 27: s - ° 32 - Found: c - ^ H - 

9.20; N, 0.21 ;S, 0.37. 
Example 32 

. TABLE XXI 


45 


50 


55 


MnrtHication of rl L-tra with the reagent descr ibed in Example 31 
— — - — '• ■ — _ . . „_r%x I a/ Tntai Protein fro 


Molecular Weight of rlL-1 ra Protein (kD) 


19 (unmodified) 

35 

48 


% of Total Protein from Reaction 


30.0 
65.0 
5.0 


protein was 20-fold less active. 


35 
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TABLE XXII 


■ „ n»n IL-1 binding by r.Mra conjugated with the reagent described m^le31 


Apparent Molecular Weight of rlL-1ra Protein (kP) 


19 (unmodified) 
35 
48 


IC50 (ng/ml) 


1.5 
9.0 
30.0 


15 


20 


30 


35 


40 


45 


SO 


55 


Example 33 

[poiy(oxy-i^ethanediyi) s" u 180 _ 

a. Proration of a ,p ha .(frC».^^ ^ 

From a slurry of 80 g ^ ^^^ 

distilled 200 ml of the solvent. To the refluxlr* ' » * overght.Methy.ene 

ml of thionyl chloride. After ^' ux ' n 9j 0 ^ e ^° u ^i^^ 60 g of basic alumina (Wolem 

chloride (50 ml) was then added ^*°/° s n S^ and th9 so,vent 

Super 1). The column was then eluted wrth 500 ml of CH 2 Cfe *° ^ ^ d ^ s|owly 

removed under reduced pressure. The res.due ^en dissoWe ml ° » m a cloudy 
added while the solvents are removed on .^^^/^Sperature for several hours and the. 

r PreDara tion of iW^ ^^ 
. A mixture of 72 g of 

g sodium azide and 700 ml of dry DMF was sttrred and ^heated aU25 ^ 
Ln removed under high vacuum and 

Celite. The CH 2 CI 2 was then »^ « a .^^^'53^^ then dissolved in a minimum of 
mSitm. ol «|on. Water (2 ml) was ,«« «n» » Th.rx.dpW. .» 

rr»:rrrr i. - * . - : - . - ~* 

a m inoethy.)-ome g a-( 2 .aminoethoxy) P oi y (oxy^ 9.20; N. 0.43. 

Anal. Calcd for C2H 8 N2(CH 2 CH 2 0), 8 o: C, 54.42, H, 9.18. N, O.Jt>. rou 

D . 

(oxy-1,2-ethanediyl) SRU 180 


36 


EP 0 510 356 A1 


(6.39 mmo,) of di-2-pyridy. carbonate 

Loved under vacuum. ^.J^^SS^^^^*^* 8 m ' ° ,drV ^ ^ 
with ether (2x75 ml). The product was Iter > d «™. u <™. ^ temDerature for 12 hr. The precipitated product 
The soiution was then allowed to coo and J^^^S. under a stream of N 2 to give 1 9 of 
was filtered, washed with 2 x 5 m of glyme^ and dned ^l^ Mnyto ^ )catbonyl] a mino]ethoxy] poly 
alpha-i2-[[(2-pyrldinyloxy)carbonyll am.no]ethyl]-omega [2 pyna y yi 

(oxy-1,2-ethanediyl) SRU 180. . „ _ N _ 0 68 Found: Cl 54.32; H, 879; N, 

Anal. Calcd for CuH.^O^CH^Oheo: C. 54.57, H. 8.99, N. u 


0.77. 

10 

Example 34 


15 "Sc^H.N.^Ok,, * 54.35; H, »* N. ^ C 54** H. Mft N. 0.47. 

-C'cSA.Nrf*^: CS44* Found; C. 54.44; H. 9 ..* N...15. 

(oxy-1 ,2-ethanediyl) SRU 452. 

7 


30 


35 


0.33 

45 Example 35 


SRU 452 


SRU 452 

50 
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Example 33 


Apparent Molecular Weight of rlL-1 ra Prote.n (kD) 

% of Total Protein from Reaction 

19 (unmodified) 

55 

75 

50.0 
35.0 
15.0 


10 


15 


20 


25 


30 


Example 36 

Bis-(3-Methyl-2-pyrldyl)carbonate 


ml of CH 2 CI 2 was added dropw.se at 0 r Cto . solubon of ^Oml c > temperature of 2 hr . The 

toluene (1.93 molar). The mixture was st.rred at 0 cjor 2 hr and t ^ NaC) Mn 

^t'^SST) ;TlTJ^^:^ ^re andlhe residue crystal 

Anal. Calcd for Ci3Hi2N 2 0 3 : C, 63.93, n ( ^.ao, n, i 
Example 37 

SRU 225 

From a so,u«on of , fl of ft 
solved in 25 ml of CH 2 Cfe was ^ 10J o mi^e stSed overnight under an atmosphere 

mmol) of bi s.(3-methyl-2-pyridyl)carbonate ^V^jS^ a, ml of diethyl ether added to the 
of argon. The solvent was then removed under reduced pressu re ana Ether was then 

residu e. The solid was filtered, washed wrth !* e ' a ^ mix , ure was then ai.owed to 

slowly added while boiling off the solvent ^^^StLi. The solid was then dissolved in 8 


[[(3-methyl-2-pynainyioxyjc B iuu.. rJ ™ ■ p09 . N 0 28. 

Anal. Calcd for CtoH.^OatCHaCHzO^s: C, 54.59, H, 9.09, N, 0,*s 

0.22 

40 Example 38 


45 


50 


the percent of modification of primary molecular weight species from me 


55 
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. TABLE XXIV 


fuinrfifirjiKnn nf riL-1 ra with the reagent described in Example 37 

Apparent Molecular Weight of rlUra Protein (kD) 

% of Total Protein from Reaction 

19 (unmodified) 

35 . 

45 

45:0 
43.0 
12.0 


10 


15 


SSor inhibiting IL-1 binding. The 45 kD protein was 30-fold less actwe. 

TABLE XXV 


20, 


25 


30 


n^: tinn nf pa , n hv r.L-lra coniuaated with the reagent descnbed in Exarnplejsl 

Apparent Molecular Weight of riL-1 ra Protein (kP) 

ICso (ng/ml) 

19 (unmodified) 

1.0 
4.0 

35 

30.0 

45 



Claims 


. 1. A physiologically active conjugate of a protein of the formula 

^-O-ICHzCHzO^-CHzCHz-R 2 ^ / 


35 


c 

If.. 


ft-protein 


m 


40 


45 


0 . ^ mu D3 ic - n-Ra = S or =o; R* is lower alkyl or cycloalkyl; m 

activity of the non conjugated protein; 
with the proviso that when R 2 is -0-, R 3 is other than = N-R»; 

that when R* is -O- and R 3 is =0 the protein is interferon-alpha. interleukin-1 or inter.eul<in-1ra and 
tnat when If is -O and R 3 is - 3 the protein is not an«gen E from ragweed poHen or bovine plasma 
■ albumin. 

so 2 A protein conjugate of claim 1 wherein m and n are seated in a way that the molecular weight of the 

. ^S^Si^ mo,etu,e is from300 10 30,000 d ■ 

3. A protein conjugate of claim 1 or claim 2 wherein m is 1 or 2. 
55 4. A protein conjugate of any one of claims 1-3 of the formula 


39 


EP 0 510 356 A1 


H H 

N N- -protein 


^-OtCHjCHzOJ-CHjGH 


/ Y 4 

NR 


I- A. 


m 


10 


wherein R\ «*, m, n and the protein are as in claim 1. . 
5> A protein conjugate of any one of claims 1-3 of the formula : ; ^ 


is 


20 


ff-OlCHzCHzO-CHjCHz-O^ 


N —protein 


IB 


m 


25 


30 


35 


wherein R 1 , m. n and the protein are as in claim 1. 

A protein conjugate of any one of claims 1-3 of the formula 


rf.O(CH 2 CH20V CH 2 CH 2 ? t 


H . . .. 

N S ^NH-J-protein 


wherein R 1 . m, n and the protein are as in claim 1. 
7. A protein conjugate of any one of claims 1 -3 of the formula 


I-G 


m 


40 


45 


r*-o-(ch 2 ch2P) -ch 2 ch/^ V c / 

s 


N 

H NH -protein 


I-D 


m 


so wherein R 1 . m, n and tho protein are as in claim 1. 

: s. A protein conjugate of any one of claims 1-3 of the formula 


55 


40 
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0 NH- 


y \ / 


rf-CHCH 2 CH 2 0)^CH 2 CH/ C 

II 
0 


-protein 
m 


,o • ' wherein R\ m.n and the protein are as in claim 1. 

9. A protein conjugate according to any one of claims 1-8 wherein R' Is CHa. 
: 10. A protein conjugate according to any one of Calms 1-9 wherein the protein is inter.euMn-1. 
' 5 H. A protein conjugate according to any one of claims 1-9 wherein the protein is interna. 

12. A protein conjugate according to any one of claims 1 -9 wherein the protein is interleron-a.pha. 
20 A protein conjugate, according to any one of claims 1-9 wherein the protein is inter.eu W n-2. 
14. The protein conjugate of claim 1 of the formula 

H 

25 yw— interferon-alpha 

HaC-OlCHaCHaO^CHzCH/ 7 C 

O . 

30 

wherein n is about 112. 
15. The protein conjugate of claim 1 of the formula 


0^ ^NH— interferon-alpha 

H 3 C-O(CH 2 CH 2 0) £H 2 CY\/ 


ii 

40 O 


wherein n is about 112. 


M , ^ VlaJm \ 9 nr clairn is wherein the interferon-alpha is interferon-alpha 
45 16. The protein conjugate accordmg to claim 12 or claim ^ wne 

a. . . .. ... . •■ ' :■. , 

17. A compound selected from the group consisting of 


50 


IIA R 1 0(CHiCH 2 0) J .CM 2 CH 2 -N==C-N--R 4 


n-B r'ck^cmpv^cht- o-c -? 11 
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70 


II-D ^(XCHjCHjO^-CHa-CHi-^^ 0 ^ 8 

EMS R^CH^OVCH^-NH — C -0- CX rf 

s 


_o_c-o-0 


20 


25 


H-F R 1 0(CH 2 CH 2 0) Il -CH 2 CH2 

H 

II-G R , 0(CH 2 CHiOVCH 2 CH 2 -0"C-0-^ N x' 


. wherein * is lower alky.. * or cycloalkyl, RP is .ower alky, or H and n is any integer of 

from 1 to 1000. 
30 18. A compound of claim 17 wherein R* is cyclohexyl. 

19. A compound of claim 17 wherein R 5 is H. 

20. A compound of claim 17 wherein R 5 is CH 3 . 

21. A compound according to any one of claims 17-20 ^herein R 1 is CH 3 . 

22. A compound with the formula 


35 


40 


R l (XOi 2 CH 2 0) n CH 2 CHrNH--C-0-^ N ^ 


45 "; 
wherein W is CHa and n is about 112. 
21 Protein conjugates in accordance wKh any one of claims 1-16 for -e as therapeutcai.y ac«ve 
so compounds In the treatment or prophylaxis of illnesses. 

itMraof md taoU*na.the.prolein conluoato from the i wacDon_ 
: 55 25. Pharmaceutica. compositions comprising a protein conjugate as claimed In any one of Cairns 1-16 and 
a therapeutically inert carrier. 
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. 2 6. Pharmacol 

neoplastic diseases or infectious diseases comprising a protein cowgw 
claims M6 and a therapeutically inert earner. 

5 „. The use of the protein conjugates according to any one o, .aims 1-16 in the treatment or praxis 
. of illnesses of others than human beings. 

28 .Tne use of the protein coniugates according to any one.f c*ms 1-16 for the manure of 
? medicaments for use in the treatment or ^ P ro P hy.axis of illnesses. 


10 


Claims for the following Contracting States 

1. A process for the preparation of a physio.ogica.ly actrve conjugate of a protein of the formu.a 

n NHfprotein 


20 


25 


30 


40 


N / 
c 

1 


m 


rt j^jii . R 3 is = m.fu = S or = 0; R 4 is lower alkyl or cycloalkyl; m 
activity of the non conjugated protein; 
with the proviso that when R 2 is -0-, R 3 is other than = N-R* ; 

that when * is ^O- and R 3 is =0 the protein is interferon-a^pha. inter.eukin-1 or inter.e Uk in-1ra and 
that when * is -O- and R 3 is = S the protein . not antigen E from ragweed pollen or bovine plasma 

albumin; 

w ,ch process comprises reacting one of the ^cdmfio«*-ol^g^^. 
II.A R 1 0(CH 2 CH 2 OVC^CH 2 -^-C=N-R 4 


H-B R^CH^OVCHjCHi- 0-C- 



45 


50 



ri-e R 1 0(C^C^O) r CH 2 CHrNH-C-0-^ N 

•' 0 

II-D R 1 0(a^CH 2 0) n -CHrCH 2 -^=C s =S 


55 


43 
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10 


15 


20 


25 


-NH-C-O-^^ 

:. s • '.' 


s 




n-G ^(XC^chpvci^c^-o-c-o-S^ 

3 A process according to claim 1 or claim 2 wherein m is 1 or 2.. 
Aprocessofanyoneofcii^orthepreparato 


30 


35 


R 1 -0(CH 2 CH 2 0)-CH 2 Ch/ Y ( 

■ NR 


H H 

N N- -protein 


I-A 


m 


wherein Ft 1 , R*. m, n and the protein are as In claim 1. 
„ 5. A process of any one o» claims 1-3 for the preparer, of a protein coniugate of the formula 


45 


rf ,0(CH 2 CH 2 O^CH2Cfl 2 -O v 


N ..protein 


I-B 


m 


50 wherein R\ m, n and the protein are as in claim 1 . 
: 6 ; - A process o, any one o, daims 1-3for the prepara«on of ap 


55 


44 
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rf-OtCHaCHzO^CHgC 


H . . . . 

^NHf-protein 


I-C 


m 


, 0 wherein R\m.n and the protein are as in claim 1. 

, of claims 1-3 for the preparation of a protein conjugate of the formula 


7. A process of any bns ( 


15, 


20 


N 


, / \ / 

R^CXCHaCHaOJ^HzCHf C 

S 


H NH -protein 


I-D 


wherein R\ m, n and the protein are as in claim 1 . 
25 8. A process of any one of claims 1-3 for th* preparation of a protein conjugate of the formula 


O NH- —protein 

R'-OKCHzCHaO) -CHjCH^ C I-E 

II 
0 


30 


m 


35 wherein R'. m.n and the protein are as in claim ?■ 

9. A process according to any one of claims 1-8 wherein R 1 is CH 3 

„ 10. A process according to any one of claims 1-9 wherein the protein is interleuKn-1. 
11. A process according to any one of Cairns 1-9 wherein the protein is .nterieukin-l ra. 
12> A process according to any one of claims 1-9 wherein the protein is Interferon-aipha. 

" 13. A procesb according to any one of claims i ;9 wherein the ^ 


14. A process 


50 


55 


of claim 1 for the preparation of a protein conjugate of the formula 

n NH— interf eron-alpha 
^CKKCHjCHjO^CHzCHr C 


wherein n is about 112. 


P 1 *« 
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15, A process of claim V for the preparation off a protein conjugate of the formula 

0 NH-interferon-alpha 


/ V / 

if 


HsC-O-lCHaCHpjjCHgCHf C 

0 


10 ' _ 
wherein n is about 1 12. 


1 6 A process ac^^ 

, 5 17. A process for the manufacture of a pharmaceutic* ^et^e 0 ^^ 01 ; - 

18 . Pharmaceutical composes comprising a protein connate as Calmed in any one of ciaims 1-16 and - 
20 a therapeutically inert^camer. 

claims M6 and a therapeutically inert earner. 
25 20 . The use o, the protein conies according to any one of Cairns 1-16 in the treatment or prophyiaxis 
of illnesses of others than human beings. 

' • rt < ^i aim<; 1-iR for the manufacture of 
21 The use of the protein conjugates according to any one of cla.ms 16 

. „. .„ -i 1B whenever prepared according to the process 
22. A protein conjugate as claimed in any one o c a,ms 1 ' ™"^f r P P . 
as claimed in claim 1 or by an obvious chem.cal equ.valent thereof. 

^23. The as hereinbefore descnWespeci^ with reference to the foregoing 

Examples. . 7 

24. A compound selected from the group consisting of 


40 


45 


50 


55 


46 
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II-B R'oCCHaCTPVC^CW^ O-C 

R 5 


II.C R 1 0(OI 2 CH 2 0) n -CH 2 C^-NH-C-0--%> 

0 

75 

II-D R l CKCH 2 CH 2 0VCH 2 -CH 2 -N =C=S 


*> n-E ^^CKCHjCHiOVCHiCHj-NH — C -0-%A^ 


^CHj-O-C-O-^^ 


H-F ^(XCHjCHjO^-CH: 


II-G R'oCC^CHzOa-CHjat-O-C-O-^^ 

35 * ,s -owe, alkyl. R* . W-* « — « « " > * ^ °' 

from 1 to 1000. . 

25. A compound of claim 24 wherein R* is cyclohexyl. 
40 26. A compound of claim 24 wherein R 5 is H. 

27. A compound of claim 24 wherein R 5 is CH 3 . 
45 28. A compound according to any one of claims 24-27 wherein R 1 is CH3. 

29 A compound with the formula 

> R^^CHP^C^-NH-C-O-^ 


wherein R 1 is CH 3 and n is about 112. 
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